INTRODUCTION {#s1}
============

Multiple myeloma (MM) is a malignant tumor of plasma cells characterized by a strong dependence on bone marrow milieu \[[@R1]\]. The interaction between MM cells and bone marrow microenvironment plays a crucial role in MM pathogenesis. It is now becoming clear that MM microenvironment is largely orchestrated by inflammatory cells including macrophages, dendritic cells, mast cells and myeloid-derived suppressor cells \[[@R2]--[@R4]\]. These cells are the major sources of cytokines in MM-infiltrated bone marrow \[[@R5]\], and meanwhile they can mediate immune suppression in MM. Moreover, MM is characterized by high levels of CRP, IL-6, IGF-1, TGF-β and IL-17 as the markers of systemic inflammatory response \[[@R6]\]. These data suggest that a tight link exists between inflammation and pathogenesis in MM.

Inflammation is one of the hallmarks of cancer and tumor-associated inflammatory response has a critical role in enhancing tumorigenesis by inducing tumor cell growth, angiogenesis and genome instability \[[@R7]\]. The host response to malignant tumors consists of changes in the tumor microenvironment as well as systemic alterations. Systemic inflammation is associated with the alteration in peripheral blood leukocytes that can be captured by neutrophil-lymphocyte ratio (NLR). Recently, platelet-to-lymphocyte ratio (PLR) has been introduced as another measurable parameter to determine inflammation \[[@R8], [@R9]\]. Moreover, monocyte-to-lymphocyte ratio (MLR) has been proposed as an indicator of systemic inflammatory response \[[@R10], [@R11]\]. Importantly, these emerging biomarkers have revealed the impact on clinical outcome of several solid tumors, such as cervical carcinoma, kidney cancer, gastrointestinal cancer and lung cancer \[[@R8], [@R12]--[@R15]\]. However, the clinical significance of myeloma-associated inflammation is largely unknown.

It is widely recognized that the biological behavior of MM cells is determined by both their genetic background and their bone marrow microenvironment; however, the current risk stratification is mainly based on tumor biology, tumor burden, and patient characteristics. No factors related to microenvironment have been enrolled \[[@R16]\]. One of the reasons is the lack of easy-to-access prognostic biomarkers. Thus, the purpose of the present study was to evaluate the prognostic value of cellular components of the systemic inflammatory response, including of NLR, PLR and MLR on progression-free survival (PFS) and overall survival (OS) in MM patients.

RESULTS {#s2}
=======

Newly diagnosed MM patients were characterized by high NLR and MLR {#s2_1}
------------------------------------------------------------------

We firstly analyzed NLR, MLR and PLR in 559 newly diagnosed MM patients. Totally 123 healthy individuals were included in the present study as the controls. The NLRs in healthy control and MM were 1.771 ± 0.07471 and 2.096 ± 0.06299 (*p* = 0.0195); the PLRs were 118.7 ± 3.263 and 117.9 ± 3.250 (*p* = 0.9118); and the MLRs were 0.2170 ± 0.007272 and 0.2739 ± 0.008684 (*p* = 0.0026) (Figure [1A--1C](#F1){ref-type="fig"}).

![A comparison of NLR, PLR and MLR between healthy individuals and MM patients](oncotarget-08-18792-g001){#F1}

We further explored the causes of higher NLR and MLR in MM. As shown in Figure [2](#F2){ref-type="fig"}, ALC in healthy control and MM were 2.104 ± 0.05161 and 1.677 ± 0.03167 (*p \<* 0.0001); ANC were 3.469 ± 0.1126 and 3.090 ± 0.08205 (*p* = 0.0482); AMC were 0.4321 ± 0.01267 and 0.3993 ± 0.01085 (*p* = 0.1695); platelet counts were 235.8 ± 4.268 and 171.4 ± 3.940 (*p \<* 0.0001). These data suggested that MM selectively induced lymphopenia and thrombocytopenia, but myeloid cells, especially monocytes, behaved distinctly with a much less pronounced decline.

![A comparison of ANC, ALC, AMC and platelet count between healthy individuals and MM patients](oncotarget-08-18792-g002){#F2}

Predictive effect of NLR, PLR and MLR {#s2_2}
-------------------------------------

The cut-off values of NLR, PLR and MLR used for prognostication in cancers are not uniform in previous studies. We therefore performed cut-off optimization for NLR, PLR and MLR in our study cohort. We first analyzed the impact of NLR on the survival of MM. Cutoff points of 4.0 revealed the highest Youden value to progression and death in ROC curve (Figure [3A](#F3){ref-type="fig"} and [3B](#F3){ref-type="fig"}). We thus used 4.0 to group the patients into 2 categories. The median PFS was 24.03 months (95% CI: 17.1--31.0) in patients with high NLR and 37.46 months (95% CI: 33.6--41.3) in the rest of the cohort (*p* = 0.012, Figure [4A](#F4){ref-type="fig"}). These patients also had a significantly shortened OS, and the median OS was 43.2 (95% CI: 35.6--50.8) and 56.0 (95% CI: 49.9--62.1) months, respectively (*p* = 0.011, Figure [4B](#F4){ref-type="fig"}).

![The ROC curve analysis for the optimal cutoff point of NLR, PLR and MLR](oncotarget-08-18792-g003){#F3}

![The impact of NLR, PLR and MLR on PFS and OS in MM](oncotarget-08-18792-g004){#F4}

Next, we checked the impact of PLR on survival. Although PLR in healthy individual and MM was similar; however, PLR was tightly associated with progression and death, as shown in Figure [3](#F3){ref-type="fig"}. The median PLR in healthy control and MM was 110 and 102, respectively. We used 100 to group the patients into 2 categories. The median PFS was 32.3 months (95% CI: 27.9--36.8) in patients with decreased PLR and 40.4 months (95% CI: 35.3--45.5) in the rest of the cohort (*p* = 0.005, Figure [4C](#F4){ref-type="fig"}). These patients also had a significantly shortened OS, and the median OS was 49.4 (95% CI: 42.9--55.8) and 53.2 (95% CI: 46.8--59.7) months, respectively (*p* = 0.008, Figure [4D](#F4){ref-type="fig"}).

Finally, we studied the prognostic value of MLR. The cutoff point of 0.3 exhibited the highest Youden value to progression and death using ROC curve (Figure [3A](#F3){ref-type="fig"} and [3B](#F3){ref-type="fig"}). We used 0.3 to group the patients into 2 categories. The median PFS was 29.2 months (95% CI: 24.0--34.5) in patients with high NLR and 40.0 months (95% CI: 35.4--44.7) in the rest of the cohort (*p* = 0.003, Figure [4E](#F4){ref-type="fig"}). These patients also had a significantly shortened OS, and the median OS was 25.9 (95% CI: 25.9--141.0) and 53.7 (95% CI: 21.9--38.0) months, respectively (*p* = 0.045, Figure [4F](#F4){ref-type="fig"}).

Multivariate analysis {#s2_3}
---------------------

A multivariate analysis including all parameters associated with PFS in the univariate analysis was performed. Chromosomal aberration with 17p deletion (HR 3.361 \[95% CI: 2.057--5.492\], *p \<* 0.001), 1q21 gains (HR 2.260 \[95% CI: 1.624--3.144\], *p \<* 0.001), t(4;14)(IgH/FGFR3) (HR 1.717\[95% CI: 1.099--2.683\], *p* = 0.018), elevated NLR (HR 2.468 \[95% CI: 1.438--4.239\], *p* = 0.001) and decreased PLR (HR 0.727 \[95% CI: 0.524--1.108\], *p* = 0.046) were statistically independent predictors of PFS.

A similar analysis for the prediction of OS identified the relevant parameters as follows: del(17p) (HR 2.865 \[95% CI: 1.713--4.793\], *p \<* 0.001), 1q21 gains (HR 1.902 \[95% CI: 1.310--2.763\], *p* = 0.001) and ISS stage III (HR 1.766 \[95% CI: 1.292--2.415\], *p \<* 0.001) ([Supplementary Table S1](#SD1){ref-type="supplementary-material"}).

Elevated NLR, MLR and decreased PLR were associated with unfavorable clinico-pathological features {#s2_4}
--------------------------------------------------------------------------------------------------

Next, we determined the associations of NLR, PLR and MLR with other clinical parameters. As shown in Table [1](#T1){ref-type="table"}, patients with elevated NLR were characterized by high beta-2 microglobulin (median, 7.68 *vs*. 4.96 mg/L; *p* = 0.001) and ISS stage III (75.0% *vs*. 44.7%; *p \<* 0.001). On the frequency of the type of M protein, IgD and free light chain MM were more common. The frequency of chromosome 13q deletion (29.7% *vs*. 47.3%, *p* = 0.0406) and t(4;14) (6.1% *vs*. 21.6%, *p* = 0.0339) was lower in patients with high NLR. Fewer patients with high NLR were identified as belonging to the high-risk cytogenetic group, but statistically significant difference was not reached (17.6% *vs*. 32.0%; *p* = 0.083).

###### Demographics and baseline clinical characteristics evaluated by NLR

                                         NLR \> 4 (*n* = 48 )   NLR \< = 4 (*n* = 512)   *p*-value
  -------------------------------------- ---------------------- ------------------------ -----------
  **Characteristics**                                                                    
   Male (%)                              34 (70.8%)             310 (60.7%)              0.1710
   Age (median, y)                       62                     58                       0.4315
  **Subtype of MM (%)**                  0.0001                                          
   IgG                                   17 (35.4%)             264 (51.6%)              
   IgA                                   6 (12.5%)              127 (24.8%)              
   IgD                                   5 (10.4%)              13 (2.5%)                
   Light chain                           18 (37.5%)             89 (17.4%)               
   Non-secretory                         2 (4.2%)               19 (3.7%)                
  **ISS stage (%)**                      \< 0.001                                        
   I                                     4 (8.3%)               96 (18.8%)               
   II                                    8 (16.7%)              187 (36.5%)              
   III                                   36 (75%)               229 (44.7%)              
  **Durie-Salmon stage (%)**             0.1497                                          
   I--II                                 4 (8.3%)               83 (16.2%)               
   III                                   44 (91.6%)             429 (83.8%)              
  **Other Parameters**                                                                   
  Beta 2-microglobulin (median, mg/L)    7.68                   4.96                     0.001
  Beta 2-microglobulin \< 3.5 mg/L (%)   5 (10.4%)              64 (12.5%)               \< 0.0001
  Beta 2-microglobulin ≥ 5.5 mg/L (%)    36 (75%)               195 (38.1%)              \< 0.0001
  LDH (median, U/L)                      185                    150                      0.0229
  Hemoglobin (median, g/L)               90.0                   85.0                     0.7505
  Albumin (median, g/L)                  33.8                   34.8                     0.4419
  Platelet count (median, × 10^9^/L)     176                    157                      0.0066
  PCs by morphology (median, %)          19.25                  29.0                     0.1129
  PCs by MFC (median, %)                 5.73                   7.79                     0.9465
  **Cytogenetic abnormalities (%)**                                                      
   del(13q)                              11/37 (29.7%)          183/387 (47.3)           0.0406
   del(17p)                              3/37 (8.1%)            36/386 (9.3%)            0.8067
   1q21 gains                            12/34 (35.3%)          160/355 (45.1%)          0.2729
  IGH translocations                     16/36 (44.4%)          222/388 (57.2%)          0.1396
   t(11;14)                              5/35 (14.3%)           71/365 (19.5%)           0.4567
   t(4;14)                               2/33 (6.1%)            77/357 (21.6%)           0.0339
   t(14;16)                              2/33 (4.2%)            14/353 (4.0%)            0.5638
  High-risk cytogenetics                 6/34 (17.6%)           113/353 (32.0%)          0.0830

Note: High-risk cytogenetics were defined by the presence of t(4;14), t(14;16), and/or del(17p).

Table [2](#T2){ref-type="table"} contains data comparing clinico-pathological factors within the high and low PLR groups. Patients with decreased PLR were characterized with high tumor burden: higher frequency of elevated beta-2 microglobulin (median, 5.79 *vs*. 4.74 mg/L; *p \<* 0.012), ISS stage III (54.2% *vs*. 40.8%; *p* = 0.0064), low hemoglobin (79.0 *vs*. 93.0 g/L; *p \<* 0.0001), higher percentage of plasma cells as assessed by conventional morphology (31.5% *vs*. 25.5% PCs; *p* = 0.0003), or by immunophenotyping (9.38% *vs*. 5.75% PCs; *p* = 0.0197). The frequency of patients harboring 17p deletion detected by FISH was significantly higher in patients with decreased PLR (14.0% *vs*. 4.9%; *p* = 0.0013). There was a trend for higher incidence of 13q deletion and 1q gains, but statistically significant difference was not reached (50.5% *vs*. 41.5%, *p* = 0.0638; 49.2% *vs*. 39.8%, *p* = 0.0631). More patients with decreased PLR were identified as belonging to the high-risk cytogenetic group (37.8% *vs*. 24.3%; *p* = 0.0038). It was clear that decreased PLR was associated with a more advanced and aggressive tumor type.

###### Demographics and baseline clinical characteristics evaluated by PLR

                                          PLR \>100 (*n* = 289 )   PLR\< = 100 (*n* = 271)   *p*-value
  --------------------------------------- ------------------------ ------------------------- -----------
  **Characteristics**                                                                        
   Male (%)                               174 (60.2%)              172 (63.5%)               0.4274
   Age (median, y)                        58                       59                        0.2566
  **Subtype of MM (%)**                                                                      
   IgG                                    147                      129                       0.1273
   IgA                                    64                       66                        
   IgD                                    8                        10                        
   Light chain                            44                       63                        
   Non-secretory                          8                        16                        
  **ISS stage (%)**                       0.0064                                             
   I                                      58 (20.1%)               42 (15.5%)                
   II                                     113 (41.1%)              82 (30.3%)                
   III                                    118 (40.8%)              147 (54.2%)               
  **Durie-Salmon stage (%)**              0.0974                                             
   I--II                                  52 (18.0%)               35 (12.9%)                
   III                                    237 (82.0%)              236 (87.1%)               
  **Other Parameters**                                                                       
   Beta 2-microglobulin (median, mg/L)    4.74                     5.79                      0.0012
   Beta 2-microglobulin \< 3.5 mg/L (%)   38 (13.1%)               31 (11.4%)                0.6852
   Beta 2-microglobulin ≥ 5.5 mg/L (%)    99 (37.4%)               128 (51.6%)               0.0018
  LDH (median, U/L)                       152.0                    151.0                     0.1684
  Hemoglobin (median, g/L)                93.0                     79.0                      \< 0.0001
  Albumin (median, g/L)                   36.1                     33.5                      0.8060
  Lymphocyte count (median, ×10^9^/L)     1.355                    1.850                     \< 0.0001
  PCs by morphology (median, %)           25.5                     31.5                      0.0003
  PCs by MFC (median, %)                  5.75                     9.375                     0.0197
  **Cytogenetic abnormalities (%)**                                                          
   del(13q)                               93/224 (41.5%)           101/200 (50.5%)           0.0638
   del(17p)                               11/223 (4.9%)            28/200 (14.0%)            0.0013
   1q21 gains                             82/206 (39.8%)           90/183 (49.2%)            0.0631
   IGH translocations                     112/219 (51.1%)          126/205 (46.5%)           0.0323
    t(11;14)                              36/207 (17.4%)           40/193 (14.8%)            0.3957
    t(4;14)                               35/206 (17.0%)           44/184 (23.9%)            0.0895
    t(14;16)                              7/204 (3.4%)             9/182 (4.9%)              0.4564
  High-risk cytogenetics                  49/202 (24.3%)           70/185 (37.8%)            0.0038

Note: High-risk cytogenetics were defined by the presence of t(4;14), t(14;16), and/or del(17p).

Patients with elevated MLR were characterized by high beta-2 microglobulin (median, 7.04 vs. 4.84 mg/L; *p \<* 0.001) and ISS stage III (61.5% vs. 41.6%; *p \<* 0.001). No association between MLR level and cytogenetic abnormality detected by FISH was observed ([Supplementary Table S2](#SD1){ref-type="supplementary-material"}).

DISCUSSION {#s3}
==========

Although it is recognized that cancer formation has a genetic basis, there is increasing evidence that the host inflammatory response plays an important role in the development and progression of cancer. Chronic inflammation is one of the hallmarks of cancer and contributes to cancer development \[[@R17]\]. NLR, PLR and MLR are simple indicators of systemic inflammation, which can provide prognostic information in a wide range of cancer types. Herein, we find MM tumor cells selectively induced lymphopenia and thrombocytopenia, but have less impact on myeloid cells, especially monocytes. Newly diagnosed MM patients are characterized by high NLR and MLR. Elevated NLR and MLR and decreased PLR are associated with unfavorable clinico-pathological features and have a negative impact on survival of MM. Importantly, elevated NLR and decreased PLR have independent prognostic value on PFS. Our results have demonstrated that systemic inflammation markers can be valuable biomarkers for the prognosis and risk stratification of MM.

Anemia is a common clinical feature of MM. Thrombocytopenia and lymphopenia are also common when the tumor load is high. However, myeloid cells are usually normal in whole blood cell count. Indeed, our results have first shown a significantly lower ALC, ANC and platelet count when compared with healthy individuals, whereas AMC is similar between MM and healthy control. Our data show that MM cells cannot simply displace hematopoietic cells upon BM infiltration, but rather selectively modulate the BM microenvironment.

Chronic inflammation contributes to cancer development via multiple mechanisms. One potential mechanism is that chronic inflammation can generate an immunosuppressive microenvironment for tumor formation and progression \[[@R18]\]. Monocyte-derived cells are very important for both MM survival and immune escape. Especially, various monocyte-derived cells, including macrophages, myeloid-derived suppressor cells (MDSCs) and dendritic cells (DCs), play an important role in mediating immune suppression in MM \[[@R3], [@R4], [@R19]\]. These cells are recruited by MM cells to create a localized immunosuppressive microenvironment for MM survival, which could be that reasons that MM patients have a normal monocyte level regardless of BM infiltration. Monocytes may represent a novel mechanism by which the pro-inflammatory response is linked to immune tolerance in the tumor milieu. Indeed, activated monocytes in hepatocellular carcinoma microenvironment foster immune privilege and disease progression through PD-L1 \[[@R20]\], which may be the reason that MM cells selectively preserve a pool of myeloid precursor cells.

We have further confirmed that MM patients have significantly elevated NLR and MLR, whereas, PLR is similar between healthy individuals and MM patients. Lymphocytes have an important role in immune surveillance. ALC has been identified as a surrogate marker of the host anti-tumor immune status, and has been demonstrated as an independent prognostic parameter for predicting survival and clinical outcome in a number of hematological malignancies. Indeed, our study has demonstrated a significantly decreased ALC in MM and the decline of ALC leads to the elevated NLR and MLR.

The elevated NLR has been reported to be a poor prognostic indicator in several malignancies \[[@R21]\], but only few reports have examined its impact on MM \[[@R22], [@R23]\]. Consistent with precious study, our results have demonstrated that elevated NLR was associated with unfavorable clinico- pathological features. Especially, elevated NLR was associated with high beta-2 microglobulin, but low frequency of high-risk cytogenetic abnormalities. These data suggested that NLR was an inflammatory marker and its impact on survival was independent on cytogenetic abnormalities. However, different cut-off values were used due to different patients and treatments in several series recently published. Moreover, the prognostic value of NLR may be more important in patients receiving immunomodulatory drugs (IMiDs) or immunotherapy. Larger cohorts and prospective studies are needed to establish the cut-off and prognostic value of NLR.

Emerging evidence strongly supports that platelets are also part of the inflammatory response and thrombocytosis is common in patients with solid tumors \[[@R24]\]. In addition, PLR is introduced as a potential marker to determine inflammation, and a higher platelet to lymphocyte ratio is associated with poor prognosis in a few types of cancer \[[@R25]\]. MM patients show evidence of platelet activation as measured by elevated plasma soluble P-selectin \[[@R26]\] and are highly susceptible to therapy-induced thrombosis \[[@R27]\]. Importantly, activated platelets secrete many cytokines that are required for growth of myeloma cells including IL-6, VEGF, SDF-1α, and IGF-1, suggesting that platelets may affect the microenvironments of MM. However, with the expansion of malignant cells in bone marrow, thrombocytopenia is frequently observed in MM. Thus, PLR is not only an inflammatory marker, but also a marker of tumor burden and aggressiveness in MM. Indeed, we have found that PLR is associated with high tumor burden parameters in this study, and importantly, more patients belong to the high-risk cytogenetic group.

MM is a plasma cell malignancy critically dependent on signals generating from the inflammatory microenvironment for survival and proliferation. Inflammatory factors may play a critical role in risk stratification of MM. Our study indicated that elevated NLR, MLR and decreased PLR were associated with poor prognosis in MM. Importantly, elevated NLR and decreased PLR were independent prognostic factors. However, multivariate analysis showed these inflammation-related factors were only loosely and independently prognostic for OS. These data suggested that NLR and PLR were low-cost and easy-to-access tests that predicted PFS in MM. But cytogenetic aberration and ISS stages are still the most important prognostic factors of OS in MM.

The strengths of the current study include its large patient cohort and comparatively long follow-up period. There are also limitations in this study. NLR, MLR and PLR have been widely used to evaluate the inflammation of solid tumor; however, MM is a tumor in bone marrow and bone marrow infiltration should been taken into account. Unlike diffused bone infiltration in leukemia, MM bone marrow infiltration is patchy; however, it obviously impairs hematopoiesis at least when the tumor load is high enough. Thus, NLR, MLR and PLR reflect not only inflammation, but also bone marrow infiltration. Indeed, we find high population of plasma cells in bone marrow with decreased PLR.

In summary, the results of the present study showed that NLR, PLR and MLR were prognostic in patients with MM. They could be used as the easily accessible and reliable markers to predict MM prognosis.

MATERIALS AND METHODS {#s4}
=====================

Study population {#s4_1}
----------------

The myeloma patients were enrolled from a prospective, nonrandomized clinical trial (BDH 2008/02) as previously described \[[@R28]\]. The trial was conducted in accordance with the Declaration of Helsinki (Version 1996) and approved by the local ethics committees of institutions. The diagnostic criteria were consistent with the criteria for symptomatic MM as defined and published by the International Myeloma Working Group \[[@R29]\]. The responses were evaluated using the International Myeloma Working Group criteria \[[@R30]\]. A cohort of 560 consecutive patients was enrolled between January 2008 and October 2013, with a median follow-up time of 64 months from diagnosis.

Calculation of NLR, PLR and MLR {#s4_2}
-------------------------------

White blood cell (WBC), absolute neutrophil count (ANC), absolute lymphocyte count (ALC), absolute monocyte count (AMC) and platelet count were obtained from a standard CBC obtained at the time of diagnosis by Sysmex XN-9000/5000. The NLR was calculated as the ratio between absolute neutrophil count and absolute lymphocyte count. The PLR was calculated as the ratio between absolute platelet count and absolute lymphocyte count. MLR was calculated as the ratio between absolute monocyte count and absolute lymphocyte count. Receiver-operating characteristic curve (ROC) analysis was used to identify the optimal value of NLR, PLR and MLR in relation to progression-free survival (PFS) and overall survival (OS).

FISH study {#s4_3}
----------

All MM cell samples were purified using Miltenyi technology (anti-CD138-coated magnetic beads; Paris, France) before FISH as reported previously \[[@R31]\]. Plasma cells were then analyzed using DNA probes specific for the following chromosomal aberrations: 13q14 deletion, 17p13 deletion, t(11;14), t(4;14), and t(14;16). Gains of 1q21 were assessed using a bacterial artificial chromosome probe at 1q21 (RP11-307C12) \[[@R32]\]. A total of 200 interphase nuclei were analyzed. According to Intergroupe Francophone du Myélome (IFM), high-risk MM was defined as the presence of any one or more of the following genetic abnormalities: deletion of 17p13, t(4;14), and t(14;16) \[[@R31]\].

Statistical analysis {#s4_4}
--------------------

The primary end point was correlated with the survival from the time of diagnosis. PFS was calculated from the start point of the treatment to disease progression or the date of death (regardless of cause of death), whichever came first. OS was measured from the initiation of treatment to the date of death or last follow-up, according to the international uniform response criteria \[[@R33]\]. Unpaired *T* tests were used to assess the associations between categorical variables, with a confidence coefficient of 95%. The survival curves were plotted using the Kaplan-Meier method, with difference assessed by the log-rank test. The *P-value* of less than or equal to 0.05 was considered statistically significant.

ROC analysis was applied to determine the optimal cutoff value yielded the greatest differential in survival. The Youden\'s index was used to assess the optimum cutoff point for NLR, PLR and MLR \[[@R34]\]. The cutoff value with best discrimination (in mean of sensitivity and specificity) between survival and death was used for OS, and the cutoff value with best discrimination between progression and no progression was used for PFS. The Graphpad prism was used to conduct unpaired *T* test and SPSS 21.0 was used to perform survival analysis.
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==============================
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